1. Background
The Greenlandic Population
Greenland is the world's biggest island with a total population just below 56,000 (2018). Apart from a large number of small settlements, the population lives in a few urban centers. More than one fourth of the population lives in the capital city of Nuuk. The remaining live in smaller cities and settlements dispersed along primarily the western coastline. The majority of the population in Greenland is of Greenlandic Inuit descent (85-90%) and the remaining part of the population is mainly Caucasians of Danish origin (10-15%). Greenland became a Danish colony in 1721, fully integrated in the Danish Kingdom in 1953, and gained self-rule in 2009 [1] [2] [3] [4] .
Since Greenland has a history of colonization, Greenlanders are often defined as indigenous people. Today, only a minority of the population pursues a subsistence based living consisting primarily of fishing and hunting. However, for many Greenlanders, hunting and fishing are considered important activities in pursuing what is perceived to be the good life. A much greater part of the population has jobs within commercial fishery, construction, and public service [3] .
The unique living conditions in Greenland attracted much interest in describing the cancer pattern during the mid-1980's through the 1990's [2, 5] . The most recent publications presented the cancer incidence up to 2003 [5] [6] [7] . There has been a major change in lifestyle in Greenland, including urbanization, change of diet from locally hunted food to a more Western diet, smoking and a high intake of alcohol. This has led to an increasing incidence of life-style related conditions and diseases, such as obesity, diabetes, cardiovascular disease, and cancer [5, 8, 9] . The age-distribution of the Greenlandic population is also changing with an increasing number of individuals aged 60 years and above [10] .
The average life expectancy of the Greenlandic population is 74 years for women and 70 years for men [1] . This is lower than Denmark, which has an average life expectancy of 83 years among women and 79 years among men [11] .
Diagnostics and Treatment of Cancer in Greenland
All medical treatment, including medication, is free of charge. Due to a small population distributed over a large country, only the major specialties are represented in the capital Nuuk. There are five health regions in Greenland. Each region has a smaller hospital or clinics. The main hospital, Queen Ingrid's Hospital, is located in Nuuk together with clinics of general practitioners. The smaller hospitals in other bigger cities have four to five doctors, primarily general practitioners. The general practitioners also have some surgical skills and are able to perform emergency caesarean section, appendectomy, and uterine evacuation, in addition to treating minor internal medical conditions. In smaller cities, there are clinics with one to two general practitioners. If local doctors are unable to diagnose or treat a given patient, then the patient is referred to either Nuuk, Denmark or, in a few cases, Iceland.
At Queen Ingrid's Hospital, diagnostic procedures are carried out for cancers if a biopsy is possible, unless a biopsy is contraindicated in cases of curative treatment for some cancers. Cancer surgery is also performed for some diagnoses. Since there are no pathologists in Greenland, all biopsy samples and postoperative specimens are sent to Denmark for pathological evaluation. There were no facilities to carry out mammography or ultrasound of the breast during the years under study. If breast cancer was suspected, an open biopsy was performed. If breast cancer was ascertained, it resulted in mastectomy performed in Nuuk. Breast conserving surgery was not an option. Adjuvant and palliative chemotherapy can be given in Nuuk for selected diagnoses. More specialized diagnostics and complex treatments are therefore carried out at Rigshospitalet in Denmark. Radiation therapy can only be given at Rigshospitalet. The decision regarding referral to Denmark is based on a detailed assessment of each patient case in collaboration with the regularly visiting specialists in Denmark, in some cases including evaluation by telemedicine [12] [13] [14] .
Aim of the Study
Our aim is to investigate the cancer incidence and cancer-specific mortality in Greenland for the period 1983-2014 and to compare the cancer incidence and cancer specific mortality for Greenland with the other Nordic countries.
Materials and Methods

Data Sources
All cases of cancer in Denmark and Greenland are registered in The Danish Cancer Registry. All causes of death are registered in The Danish Register of Causes of Death with separate statistical reports for Greenland and Denmark [15] . The cancer registration in Greenland is based on paper forms for each case that is coded in The Greenlandic National Board of Health and included in and validated by The Danish Cancer Registry. In 2002, Association of Nordic Cancer Registries (ANCR) initiated a collaboration project, NORDCAN (http://ancr.nu), a Nordic cancer statistics database. Since December 2014, Greenland has been included in NORDCAN with incidence data from 1968 and cancer mortality data from 1983. The other included countries are Denmark, Faroe Islands, Finland, Iceland, Norway, and Sweden. More than 50 cancer entities are included in the NORDCAN database. Conversions of the original national data are carried out according to international rules to ensure comparability [16] . Aggregated data obtained from NORDCAN have been used for this article both for Greenland and for the comparison between Greenland and the other Nordic countries.
Inclusion Criteria and Data Selection
We included cancer incidence and cancer mortality data for the years 1983-2014 for all individuals residing in Greenland at the time
Research in context
Evidence before this study
We searched MEDLINE for studies on cancer in Greenland, using search terms "Greenland" "cancer" "Inuit" in October 2017, without language or publication date restrictions. We found publications on the incidence of cancer in Greenland for the periods 1950-1974, 1953-1985, 1969-1988, 1973-1997, 1973-2003, 1989-2003 , none of these studies included information on cancer mortality. There were also publications on specific cancer sites in Greenland. There were no publications comparing the incidence and mortality from all cancers with the other Nordic countries. Added value of this study Our study provides cancer incidence and mortality data for the population of Greenland for the years 1983-2014, for both sexes, and all ages, including a comparison with the other Nordic countries (Denmark, Finland, Iceland, Norway, and Sweden). We calculated the number of cases and deaths, age-standardized incidence and mortality rates using World standard (ASR (W)) as well as the incidence rate ratios (IRR) and mortality rate ratios (MRR) compared to the other Nordic countries as one group with 95% confidence intervals. The time trend from 1983 to 2014 showed a significant increase in cancer incidence rates proportionally for Greenland and the other Nordic countries. Cancer mortality decreased over time in the other Nordic countries while there was no improvement in cancer mortality in Greenland. The differences between the incidence and mortality rates indicate a poorer cancer survival in Greenland compared to the other Nordic countries. We have given a comprehensive and updated overview of cancer incidence and mortality according to diagnosis groups and sex, with the time period divided into six calendar periods for all cancer sites except non-melanoma skin cancer.Implication of all available evidence
The data reported in our study gives the current status of cancer incidence and mortality in Greenland with focus on high cancer mortality and high incidence of specific cancer sites in Greenland. The high mortality in Greenland compared to the other Nordic countries provides baseline data that can be used for future research in to finding the causes behind the high mortality. Focus on the challenges pointed out in our report can help form guidelines for the betterment of cancer treatment in Greenland. Furthermore, the data can be useful for comparison with other Inuit communities and indigenous people in general.
of diagnosis. We present the number of cancer cases and deaths, agestandardized incidence and mortality rates using the World standard (ASR(W)), and calculated incidence rate ratios (IRR) and mortality rate ratios (MRR) relative to the other Nordic countries as one group (Denmark, Finland, Iceland, Norway, and Sweden) with 95% confidence intervals.
Methods
Since the Greenlandic population is small, there is a pronounced random variation in annual data, especially for less common cancer diagnoses. The diagnoses are therefore presented in 11 summary groups. Diagnosis groups are defined in Table 1 and shown according to ICD-10 codes and NORDCAN entities. To identify diagnosis groups with differing incidence or mortality rates in Greenland compared to the other Nordic countries, the respective IRR and MRR have been calculated for the 11 diagnosis groups for the period 1983-2014. If the incidence or mortality differ between Greenland and the other Nordic countries, the cancer sites (NORDCAN entities) contributing to the difference in the respective diagnosis groups are shown as trend graphs for ASR (W) with five-year smoothing to evaluate if the patterns are constant over the entire 32-year period.
Survival is not evaluated directly but indicated by the difference between the age-standardized incidence and mortality rates (ASR(W)) and between the rate ratios, IRR and MRR.
We have illustrated the trend over time for six calendar periods for all cancers except non-melanoma skin cancer by sex and for six calendar periods. The estimated annual percent change (EAPC) is the average annual percentage of change in the ASR(W) over the time period selected. It is calculated by fitting a simple regression model to the log of the ASR(W).
Results
Incidence and Mortality
In the 32-year period, 4716 cases of cancer (2362 among women and 2354 among men), excluding non-melanoma skin cancer, were diagnosed in Greenland. There were 3231 cancer deaths (1532 among women and 1699 among men) (Tables 2a and 2b ). The age-specific cancer incidence and mortality rates for the time period are shown in Fig. 1 .
Incidence
For women, the groups with the higher incident numbers for the entire time period were gastrointestinal, respiratory, female genital, and breast, accounting for about 75% of all cancers (Table 2a ). For men, the incidence of the two groups, gastrointestinal and respiratory, dominated, accounting for 60% of all cancers (Table 2b ). For both women and men, a low incidence was observed for melanoma of skin, urinary tract, and lymphoma and leukaemia (Tables 2a and 2b ).
Mortality
Respiratory and gastrointestinal cancers had the highest mortality for the entire time period, accounting for about 55% of all cancer deaths among women and almost 70% for men. The four groups with lowest number of cancer deaths were urinary tract, melanoma of skin, lymphoma and leukaemia, and other specified sites (Tables  2a and 2b ).
Changes in Trends in Age-Standardized Rates for Greenland
The age-standardized incidence rates (ASR (W)) for 1983-2014 were 301 and 291 per 100,000 person-years, for women and men, respectively. The incidence rates were slightly increasing (statistically significant for women) over the 32-year period with an estimated annual change per year (EAPC) for the age-standardized rates of 0.7% (95% CI: 0.1-1.4), while the increase among men did not reach statistical significance (EAPC = 0.4%; 95% CI: −0.1-0.9). No significant changes were found for cancer mortality rates over the 32-year period; EAPCs were −0.0 (95% CI: −0.7; 0.6) for women and −0.6 (95% CI: −1.3; 0.1) for men (Tables 3a and 3b ). It should be mentioned that there was a tendency towards decline in cancer-specific mortality during the last 10-15 years (not shown in tables).
Comparison With the Other Nordic Countries
Compared to the other Nordic countries, the cancer incidence rate ratios (IRR) for all cancer sites were constant over time and only slightly higher than one, thus showing nearly the same incidence level, IRR = 1.2 (95% CI: 1.1-1.2) for women and IRR = 1.0 (95% CI: 1.0-1.1) for men. The cancer mortality rate ratios (MRR) increased slightly over time and rates were much higher in Greenland than in the other Nordic countries (Tables 3a, 3b and Fig. 2 ). For the Nordic countries, the cancer mortality rates decreased during the time period studied, EAPCs were − 0.8 (95% CI: − 0.9; − 0.7) for women and − 1.1 (95% CI: − 1.2; −1.0) for men (not shown in tables).
IRR for the Diagnosis Groups
Compared to the other Nordic countries, women and men in Greenland had significantly higher incidence rates for lip, oral cavity and pharynx, respiratory, gastrointestinal, and unknown sites. The IRRs for the entire calendar period were 3.9, 3.2, 1.7, and 3.3 among women, and 3.0, 2.3, 1.5, and 2.7 among men, respectively. Greenlandic women had a much lower risk of breast cancer while men had lower risk of cancer of the urinary tract and of the male genital organs compared to the other Nordic countries (Tables 2a and 2b ).
MRR for the Diagnosis Groups
Mortality rates for both Greenlandic women and men compared to the other Nordic countries were much higher for lip, oral cavity and pharynx, respiratory, and unknown sites, with MRRs 9.9, 4.0, and 3.8 for women, and 6.0, 2.7, and 3.9 for men, respectively. The MRRs were Hodgkin and non-Hodgkin lymphoma, multiple myeloma, leukaemia Other specified sites C37 + C38.0-3 + C38.8 + C45.1-9 + C46.2-9 + C47-48 + C74 + C75.0 + C75.4-9 + C88 + D46
Other specified, bone, soft tissue, eye, brain and central nervous system, thyroid Unknown C26 + C39 + C76-80 + C97 + D47 Unknown and unspecified much higher than the corresponding IRRs. Furthermore, the incidence rates for cancer of the urinary tract were lower among the Greenlandic women and men, while mortality rates were higher than the other Nordic countries, with IRRs 0.8 and 0.6 and MRRs 1.5 and 1.0, respectively (Tables 2a and 2b ). Breast cancer incidence in Greenland was much lower than in the other Nordic countries while the mortality of breast cancer was approximately the same (Fig. 3) .
Specific Cancer Sites
While the total cancer incidence rate was similar to the other Nordic countries, the distribution between cancer sites differed. The specific cancer sites contributing to the elevated incidence rate for lip, oral cavity, and pharynx were nasopharynx and salivary glands (Fig. 4) . For respiratory cancer, it was lung for both sexes, as well as larynx among men (Fig. 5) . In the group gastrointestinal organs, oesophagus, stomach, liver, and pancreas were the sites with elevated incidence rate (Fig. 6 ). In the group female genital organs, cervical cancer had the main influence even though decreasing over time, and an elevated incidence rate for ovarian cancer was seen from the year 2000 and on (Fig. 7) . In the group male genital organs, it was especially the incidence rate of prostate cancer that was low among the Greenlandic men compared to the other Nordic countries (Fig. 8) .
Discussion
NORDCAN receives data from Cancer Registries and Registers of Cause of Death from all the Nordic countries and allows for easily comparable data between the countries [17] . Nordic Cancer Registries are some of the most complete registries in the world [18] . There is a good concordance between cancer incidence data and the cancerspecific mortality derived from the Registers of Cause of Death, the registration is complete but the proportion of ill-defined cancer sites was considered high for data before 2002 [19, 20] . The cancer sites unknown and ill-defined have both higher incidence and mortality in Greenland compared to the other Nordic countries and the respective incidence and mortality follow the same trend. The government of Greenland only publishes brief data on cancer incidence and mortality in Greenland, but no data has been published regarding cancer survival [12, 21] . By using ASR (W) as well as numbers, the reported data are internationally comparable with the majority of earlier studies describing incidence and mortality from cancer.
Our report presents the best available data on the recent trend of cancer incidence and mortality for the population of Greenland for the time period 1983-2014. The summary groups and a five-year smoothing in graphs for the entire period of time 1983-2014 provide a better overview of the data without too many fluctuations. The population in Greenland is much smaller than the population in the other Nordic countries and this results in some fluctuations for the Greenlandic rates, whereas the Nordic countries have smooth trend lines. Compared to the other Nordic countries, the overall incidence was similar with IRRs close to one while the overall MRRs were much higher. The time trend from 1983 to 2014 showed a significant increase in cancer incidence rates proportionally for Greenland and the other Nordic countries. Cancer mortality has decreased in the other Nordic countries while it has not changed much for the Greenlandic population, only with a slight decrease since 2000. NORDCAN has survival data for most of the Nordic countries. Survival calculations for the Faroe Islands and Greenland are not included, awaiting validation of complete followup for death and emigration. We can, based on the differences between the incidence and mortality rates, get an indication that the survival after cancer in Greenland is lower than in the other Nordic countries.
The cancer pattern in Greenland was different from the other Nordic countries and similar to the pattern among Inuit populations described in earlier studies [2, [4] [5] [6] [7] 22, 23] . Higher incidence rates were observed for cancer of nasopharynx, salivary glands, larynx, lung, oesophagus, stomach, liver, pancreas, uterine cervix, and ovaries. A high, but decreasing incidence of cervical cancer was observed throughout the observation period, although the incidence for the last five-year time period was still higher than the other Nordic countries. Lower incidence rates were seen for prostate, bladder, other specified sites, lymphoma and leukaemia, and melanoma of skin.
Friborg and colleagues stated a 12-14 percentage points lower histological verification of cancers in Greenland compared to Denmark based on a report from 1997 and around 4% of all cancers in Greenland were in the group unknown and unspecified sites in reports from 1993 to 1997 [5] . In our study, the proportion of histologically verified cancers for the entire time period was 82% in Greenland compared to 87% in the other Nordic countries. 76% and 85% were histology from the primary tumor, in Greenland and the other Nordic countries, respectively. A larger proportion of biopsies were from metastases in Greenland compared to the other Nordic countries (around 4 percentage points more). This is probably due to cancers being more advanced when diagnosed in remote areas in Greenland where diagnostic tools and specialized competence do not exist, resulting in a delay due to referral to a hospital in a larger city. The proportion of unknown and unspecified cancers constituted 8% (2-14%) during the observation period for Greenland compared to 4% (2-5%) for the other Nordic countries. This likely represents patients clinically diagnosed in an advanced stage where further diagnostics where unreasonable based on the patients' condition, especially where the specialized diagnostics where unavailable locally and the travel to another city was not considered an option. We found that the proportion of cancers known from death certificate only constituted 1.8% of all cancers in Greenland, compared to 0.2%, 0.5%, and 1.2%, for Iceland, Denmark, and Norway, respectively. The Greenlandic population lives dispersed along the coastline, and not all have easy access to the health care system, but still we consider the cancer registration comparable with the other Nordic countries.
Of known risk factors for cancer, smoking prevalence has increased over the years, but recently decreased slightly. There is a decreasing level of physical activity, change of diet to western food habits, and high consumption of alcohol [24] . Smoking is a strong risk factor for cancer in general, especially respiratory and urinary tract cancer. Diet and physical activities especially play a role in the development of gastrointestinal cancers, and high alcohol consumption especially increases the risk of gastrointestinal and liver cancer [25] . The UV-exposure is low in Greenland and type of skin may also influence the low incidence of melanoma of skin. The Greenlandic women have their first child at a younger age than women in the other Nordic countries even though the childbearing age is higher now than it was a few decades ago [1] . The changes in diet resulting in a decrease in intake of sea food have been found to correlate with reduced vitamin D status among the Greenlandic population during the last decades [26] . An inverse relationship between vitamin D and cancer incidence has been shown [27] . Exposure 0.7% (95% CI: 0.1-1.4) −0.0 (95% CI: −0.7; 0.6) N = Numbers of cancer incidence and mortality. N (%) = the percentage of the numbers of cancer incidence and mortality. ASR (W) = Age standardized rates for the world, per 100,000 person years. IRR: Incidence rate-ratios, with 95% confidence intervals, relative to the rates in the other Nordic countries. MRR: Mortality rate-ratios, with 95% confidence intervals, relative to the rates in the other Nordic countries. EAPC = Estimated annual percentage change in the age-standardized rates. 95% CI: 95% confidence intervals. to persistent organic pollutants has been found to increase the risk of breast cancer in Greenlandic women and a combination with BRCA1 founder mutations further contributes to the risk [22, 28] .
Many changes in life-style have taken place over the last decades and it is reasonable to believe that these changes have contributed to the increase in cancer incidence during the time period studied. Part of the increase might be due to an improvement in the reporting of cancer incidence and mortality in Greenland and a more accurate cancer registration during the last decades compared to the 1980's and 1990's. Since the Greenlandic population is small and the numbers of cancers are low, variation from year to year is seen. Data might also be influenced by a lack of consistency in reporting of cancer, either due to varying reporting routines and experience or because the reporting is not done by a medical doctor. It is a challenge to maintain wellestablished routines with frequent replacement of health care personnel.
Our results underline a high mortality of cancer in Greenland compared to the other Nordic countries. In a report by Bjerregaard from 1991, the mortality in Greenland during 1968-1985 was compared to mortality in Denmark. A high infant and child mortality and high rates of suicide, homicide, and accidents were found. The mortality rates from acute infectious diseases, ischemic heart disease and certain accidents decreased significantly, while mortality rates for lung cancer, other heart diseases, suicides, and homicides increased [29] . Even though the life expectancy is lower in Greenland than in the other Nordic countries, it has increased during the last decades and so has the proportion of elderly above the age of 60 [1] . Future studies looking at mortality and life expectancy in Greenland might shed more light on this.
The disparities in cancer incidence and mortality are not only seen among the Greenlandic population where the majority is indigenous. A review on cancer patterns among circumpolar populations looked into three indigenous groups, the Inuit, Athabaskan Indians, and the Sami. The Inuit had an overall increase of cancer incidence of all sites combined, the sites contributing most were lung, colorectal, and female breast cancer, while cervical cancer declined. The Athabaskans had a higher risk of prostate and breast cancer relative to the world average in contrast to the Inuit. There was no significant difference between cancer incidence among the Sami compared to non-Sami [30] . The cancer mortality from oesophageal, lung and breast cancer among the indigenous population of coastal Chukotka was much higher than the rest of Russia [31, 32] . The cancer mortality among Aboriginal people living on reserves and Northern villages in Quebec did not show any increased overall cancer mortality during 1988-2004, even though the cancer pattern differed [33] . Enhanced attention to indigenous people is necessary for a better worldwide cancer control.
The high mortality from cancer in Greenland could partly be explained by inequality in health care based on geography. A recent publication found that the median time from first consultation to referral for colorectal cancer was four days in Nuuk versus 55 days for patients from other cities in Greenland, and they found a lack of standardized examination in primary care [34] . The referral from the main hospital in Nuuk to Denmark might further delay the process. A probable less aggressive treatment for cancer in Greenland compared to Denmark also needs to be assessed, including the reasons behind. A study by Augustussen and colleagues assessed the level of satisfaction among relatives to patients receiving advanced cancer care in Greenland, 70% of the relatives were dissatisfied with the length of time required to diagnose cancer, supporting that time delay is a problem [35] .
There is a high incidence of potentially preventable cancers, especially the ones associated with smoking (lung and head and neck cancers) and oncogenic infections (stomach, liver, and cervical cancer). Decreasing the prevalence of smoking, especially the early onset of smoking among the youth, decreasing alcohol consumption as well as focus on physical activity and healthy eating habits are all reflected in ongoing programs initiated by the government of Greenland [36] . Nasopharyngeal carcinoma and carcinoma of the salivary gland are both associated with a prior Epstein-Barr virus (EBV) infection, which is seen more often and in an early age in Greenland [5] . There is a high prevalence of chronic Hepatitis B virus (HBV) infection in the Greenlandic population (around 10-15%), the incidence of liver cancer is high, although not as high as other countries with high prevalence of HBV infection [37] . The cervical cancer screening in Greenland, initiated in 1998, was assessed by Holst and colleagues, low screening coverage Fig. 7 . Cancer entities contributing to differences in incidence and mortality between Greenland and the other Nordic countries, cervix of the uterus and ovaries, 1983-2014. ASR (W) = Age standardized rates for the world, per 100,00 person years, with 5-years smoothing. was observed with the highest level being 54% in 2011 [38] . Vaccination against HPV for girls (2008) and HBV (2010) is now a part of the nationwide vaccination program in Greenland [21] .
Besides the initiatives regarding prevention, there is also a need to focus on cancer symptoms, early detection of cancer, and reduction of time delay. There is only a screening program for cervical cancer in Greenland. With the increasing incidence of cancer, such as breast, lung, and colorectal cancer, it is important to consider screening programs or more specialized diagnostics in Greenland, such as triple test for breast cancer implemented in Nuuk since April 2017 together with breast conserving surgery as an option. Screening with fecal-occult-blood test (FOBT), which is easily carried out, can help reduce the mortality from colorectal cancer. Also, recruiting pathologists to Nuuk could optimize surgical cancer treatment for certain cancer diagnoses by eliminating time delay associated with awaiting final histology from Denmark. Furthermore, it should be prioritized to get oncological expertise in Nuuk for diagnostics, treatment, and palliative care in order to improve the quality of cancer care and a better cancer control.
Our data point to a need to reduce cancer mortality in Greenland. The changing life-style and the increased aging of the population can be expected to further increase the cancer burden in Greenland, which advocates continued focus on cancer prevention. The data reported here might prove useful for planning of future studies as well as guidelines for cancer care in Greenland benchmarked against the political decisions. The data can also be used for improvement in Greenlandic cancer registration, more detailed studies of the differences within Greenland (including geographical inequality), and for comparison with other Inuit communities and indigenous groups. We aim to promote improved cancer care in Greenland and also to increase awareness of cancer among Inuit and indigenous people. We strongly believe that the data made available in this study is one step towards that goal.
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